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ABSTRACT 


Thorhaug, A. and Roessler, M.A., 1977. Seagrass community dynamics in a subtropical 

estuarine lagoon. Aquaculture, 12: 253—277. 

The temporal and spatial distribution of major plant and animal species were investi- 
gated for 4 years in south Biscayne Bay including Card Sound, Florida, a subtropical 
estuarine lagoon. This was part of a larger study including chemical, physical and geo- 
logical investigations. 

The major species of plants were Thalassia testudinum Banks ex Konig, turtle grass, 
Laurencia poitei (Lamour.) Howe, a red macroalga and the green algae Penicillus capitatus 
Lamarck and Halimeda incrassata (Ellis) Lamour. Standing crop and production of plant 
material taken bi-weekly is given in detail for 16 stations in Card Sound for the 4-year 
period and for eight stations in Biscayne Bay for a 1-year period. 

The major animal species were not equally distributed; in the near-shore Thalassia com- 
munity, species of Pagurus, Neopanope, Hippolyte, Cerithium, Bulla, Prunum and Modu- 
lus were dominant. In mid-bay, where patchy Thalassia plus green algae occurred, Thor 
and Chondrilla were the dominant animals. Near the fringing islands, where tidal flow 
caused more oceanic conditions, the community was dominated by sponges, urchins and 
corals. This highlights the structural differences in what is now termed the “Thalassia 
community’’. Comparisons with other known Thalassia communities are made. 


INTRODUCTION 


A study of two adjacent estuarine lagoons in south Florida was undertaken 
in connection with the impact of two fossil fuel plants and two nuclear elec- 
tric power plants (Bader and Roessler, 1971, 1972). Here, we attempt to 
delineate the dynamics of the seagrasses of these lagoons and to compare the 
associated biota with Thalassia communities in other areas. 

Biscayne Bay is approximately 55 km long with a maximum width of 13 
km. The general shape of the bay resembles the letter A, and is enclosed to 
the east by a series of barrier islands which extend north and south. Mean 
water depth is approximately 2 m with a maximum depth of 4 m in the 
south central portion of the bay. 
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Turkey Point, the study site in Biscayne Bay, is a narrow spit of land pro- 
jecting from the western shoreline approximately 5 km north of Cutter Bank. 
Water depth in the sampling area averages approximately 1.2 m, with a maxi- 
mum depth of 2 m at the easternmost station. 

Card Sound is a small bay approximately 8 km long and 5 km wide, and is 
separated from Biscayne Bay to the north by shallow flats extending east- 
ward from Mangrove Point through the Arsenicker Keys and across Cutter 
Bank and on the south by a similar shallow bank called Card Bank. Mean 
water depth is 3 m with a maximum of 4 m in the central area of the sound. 

Tidal exchange into south Biscayne Bay and Card Sound occurs through 
small inlets in the barrier islands that form the eastern boundary of the bays, 
mean tidal range is approximately 45 cm in Biscayne Bay at Turkey Point 
and 25 cm in Card Sound at Model Land Canal (Schneider, 1969). 

The circulation is weak and influenced by short-term meteorological events 
(Lee and Rooth, 1972). 

In the rainy summer season with predominant southern winds the main- 
land shore becomes hyposaline, the mid-bay region exhibits a sharp vertical 
halocline and near the barrier islands the tidal flushing maintains a salinity 
near 35°/o9. In the winter dry season the mainland shore becomes hypersaline. 
During the passage of cold fronts the wind shifts to northwest and forces the 
near-shore water to the south and east causing flushing (Lee and Rooth, 1972) 

Temperature averages 19°C in winter (minimum 9°C) and 30.5°C in sum- 
mer (maximum 35°C). The shallow waters often exhibit normal diurnal vari- 
ations of 3 and 10°C drops during the passage of cold fronts. 

Biscayne Bay and Card Sound are generally well oxygenated and dissolved 
oxygen saturation varied from 83% in daylight to 23% at night. Stratification 
does occur in summer during periods of calm. 

The nutrient content of the water column is very low and most nutrients 
as well as trace metals occur in the sediments (Thorhaug et al., 1973). The 
sediments near the mainland shore consist of paralic peat and freshwater 
calcitic mud-swamp deposits. Open bay areas have winnowed quartz and 
carbonate sand less than 15 cm in depth over a 2—6 m layer of Pleistocene 
bedrock (Wanless, 1967—1968). 

Previous studies of Thalassia testudinum Banks ex Konig in these areas 
include some qualitative distribution studies by Voss and Voss (1955) and 
Phillips (1960), studies of Thalassia and epiphytes by Humm (1964), the 
effect of Hurricane Donna on Biscayne Bay (Thomas et al., 1961), and 
thermal studies by Humm (1974), Zieman (1970, 1972) and Zieman and 
Ferguson Wood (1975). 


METHODS 
Field measurements: Thalassia 


At eight stations near Turkey Point and at 16 stations in Card Scund 
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counting was done in 0.04 m? frames. An additional square of 0.01 m? was 
used to define the area where the Thalassia blades were studied for growth 
and production. In Card Sound, a 0.04 m? frame was used for counting at 
stations where Thalassia blades were abundant (2 000 blades/m? or more), 
and a 0.25 m? frame was used where blades were sparse. Comparative counts 
between 0.04 and 0.25 m? areas were made to permit statistical evaluations. 
The field sampling procedure was as follows. (a) Grass blades were counted 
in the first and third weeks of each month. (b) The marking square was placed 
near the permanently fixed counting square and the individual blades were 
marked with plastic-coated staples (Zieman, 1970) in the first week of the 
month (c) The staples were placed at the point where the blades emerge 
from the sheaths; collecting all blades within the marking square was accom- 
plished by breaking them off at the point where they emerged from the 
sediment. (d) Water turbidity, wind, current and other factors were recorded. 
(e) Examination for flowers, fruit buds and newly emerged shoots was car- 
ried out. 


Laboratory measurements: Thalassia 


The Thalassia collected in the field was measured in a manner similar to 
that of Zieman (1970): (a) Length and width of all blades were measured. 
(b) Blades were also measured from the bottom of the blade to the bottom 
of the implanted staple (c) The blades were divided into two groups for 
weighing, new blades and mature marked blades respectively and the new 
growth (below the staple) was separated from the rest of the mature blade. 
(d) Each group was washed with agitation in 5% reagent grade phosphoric 
acid for 3 min (until clean). This removed attached organisms, predominantly 
diatoms, foraminifera, polychaetes and micromolluscs. The blades were then 
washed with tap water. (e) The new blades and new growth of mature blades 
were dried for 3 days at 110°C, cooled in a desiccator and weighed. 


Field measurements: Red algae 


At each of eight stations in Biscayne Bay and 16 stations in Card Sound 
aluminum frames of 1 m? were placed randomly. Each was subdivided into 
quadrants with 6-mm polyethylene cord. The percentage of each quadrant 
covered with red algal species was recorded together with notes on the abun- 
dance of epiphytes and gamete formation. Photographs were taken monthly 
of the algal squares. 


Laboratory measurements: Red algae 


Specimens of red algae were collected via SCUBA gear, cleaned thoroughly 
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of animals and debris, then rapidly transported to the laboratory. The most 
healthy specimens were again cleaned of epiphytes in running sea water and 
separated into 32 single strands, averaging 20 cm in length, which were strung 
onto monofilament (three per string) and placed in indoor and outdoor 
growth tanks to compare these techniques. The indoor tanks utilized running 
seawater pumped from Bear Cut to a large retaining tank on the roof and 
gravity fed through polyviny] chloride pipes to the tanks, where the seawater 
entered the tank by passing through a filter system of spun dacron and then 
past ultra-violet lights. Water flow into the tank was at a rapid rate. Lighting 
was 20 W Grolux (27% of natural daylight). Outdoor tanks were 1.2 X 1.2 X 
2.2 m in volume, with running sea water from the same system as the indoor 
tanks, Light was filtered out by a 73% light-filter, greenhouse screening. Two 
submersible pumps used to increase the circulation within the tank served 

to inhibit epiphytes and enhance growth. 

Tip growth of red algae was measured by marking the tips of a specimen 
with plastic tape and measuring the amount of growth beyond the tape at 
weekly intervals. Total plant growth was measured by drawing the specimen 
on graph paper with magnification by a camera lucida at weekly intervals and 
comparing consecutive drawings. Total growth was also obtained from con- 
tact prints: specimens were allowed to drip excess water for 30 s, inserted 
into a folded clear acetate sheet which was placed on a 20.3 X 25.4 cm 
Kodak photographic paper and exposed to sunlight for 1 min. The paper was 
immersed in sodium thiosulphate solution, washed with water and dried. The 
total plant was measured from this photo proof paper by using a swivel- 
handled map measurer. To obtain a ratio of wet weight to dry weight, 50 
specimens of various sizes were blotted for 30s on absorbent paper, then 
dried at 110°C for 3 days and reweighed. 


Field measurements: Green algae 


Fight stations in Biscayne Bay and 16 stations in Card Sound were used. 
The sampling procedures consisted of the following. (a) The algae in 1 m? 
were counted bi-weekly (weekly during the summer of 1971). Each of the 
meter squares was subdivided into four equal sections with 3-mm polyethy- 
lene cord to facilitate counting. The number of each species present in each 
quadrant was recorded and used as a replicate count. The number of plants 
of each species which were in the reproductive phase were recorded. The 
number of juvenile, senescent and dead and/or dying plants of each species 
was also recorded. (b) Growth of algae was determined by measuring plants 
in one of the 0.25 m? quadrants on a bi-weekly basis. Measurements of 
Penicillus, Halimeda, Rhipocephalus, Udotea and Aurainvillea were made 
with vernier calipers according to the methods of Thorhaug (1965). (c) Photo 
graphs were taken in these algae squares each month. 
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Field measurements: Animals 


Collection of epibenthic invertebrates and fishes were made with a trawl. 
Seven trawl samples were taken at each station shown in Roessler et al. (1975). 
A 3-m foot rope length otter trawl lined with 6.3 mm bar mesh was used for 
all samples. Tows were made with the wind and averaged 43 m in length. ‘The 
net opened approximately 2 m when fishing so that the area covered was 
approximately 86 m?’. At the completion of each tow the net was emptied 
into a metal tub. After completing seven tows the samples were washed, 
sorted and the vegetation weighed. Animals were preserved in 10% formalin. 
Later, animals were identified to species (families for polychaetes) and 
counted. 


RESULTS 
Plants 


The major plant community found in Biscayne Bay and Card Sound is 
that of the marine turtle grass Thalassia testudinum. This dominant grass is 
often intermixed with two other seagrasses, Halodule wrightii Aschers. and 
Syringodium filiforme Kitz. There are seven major benthic green algae found 
in this community: Penicillus capitatus Lamarck, Halimeda incrassata (Ellis) 
Lamour., Acetabularia crenulata Lamour., Rhipocephalus phoenix (Ellis and 
Sol.) Kiitz., Udotea flabeilum (Ellis and Sol.) Lamour., Batophora oerstedii 
J. Ag. and Caulerpa sertularioides (Gmelin) Howe. Further, seven major 
species of macroepiphytes occur: Laurencia poitei (Lamour.) Howe, L. papil- 
losa (Forssk.) Grev., L. obtusa (Huds.) Lamour., Dasya pedicellata (Ag.) Ag., 
Digenia simplex (Wulfen) Af., Gracilaria verrucosa (Huds.) Papenf. and 
Acanthophora spicifera (Vahl) Boerg. Microepiphytes on Thalassia are abun- 
dant during certain seasons, especially the benthic diatoms, and have been 
described by Reyes-Vasques (1965) and Sprogis (1975). The epiphytic dia- 
toms that occur are several species of Navicula, Mastogloia angulata Lewis, 
M. binotata (Grun.) Cl., M. crucicula (Grun.) Cl., Nitzschia frustalum K., 
Amphora acta Greg., Cocconeis placentula Ehr. and C. scutellum Ehr., and 
species of Licmophora. In addition, benthic microalgae and phytoplankton 
are present. However, they do not appear to be major contributors to pro- 
duction of plant material (Bunt et al., 1971). The shoreline of much of 
Biscayne Bay and Card Sound is fringed by a narrow band of mangroves 
dominated by Rhizophora mangle L. (Teas, 1976). 

Growth and standing crop of Thalassia varied from location to location in 
the 5-year study of Biscayne Bay and 4-year study of Card Sound, of which 
the Card Sound data are presented in detail, and 1 year’s data for Biscayne 
Bay. 

In general, the growth rate per blade was sirriilar from station to station 
and had a mean of.0.73 mg dry weight per blade per day for the 4-year period. 
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The productivity of a station depended upon the standing crop of blades 
and varied considerably from station to station. 

The standing crop was low in the winter and high in summer. In central 
Card Sound, where a layer of sediment only several centimeters deep cov- 
ered the rock, standing crops were low. On Card Bank where deep, fine 
sediments occurred abundance was higher. The area near the western shore- 
line, with a paralic peat sediment sustaining lush Thalassia meadows, pro- 
duced up to 5.6 g dry weight per m? per day, whereas central areas with 
Pleistocene outcropping or a thin layer of quartz and calcareous sand pro- 
duced from 0.8 to 1.5 g dry weight per m’ per day. 

Spatially, the growth and abundance parameters varied widely. The mean 
abundance of Thalassia at Turkey Point varied from 679 to 4 456 blades/m/? 
at seven stations measured in 1973 (Fig.1). The mean growth rate of indivi- 
dual Thalassia blades at Turkey Point for the entire year of 1973 is shown 
in Table I. Growth rates varied from 0.844 mg dry weight per blade per day 
at station 13 to 1.410 mg dry weight per blade per day at station 52. 


Fig.1. Turkey Point, Florida, with inset of Biscayne Bay. Stations used in seagrass study. 
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TABLE I 


Summary data for Thalassia testudinum at Turkey Point, 1973 


Station Mean abundance Mean growth rate Mean productivity 
(blades/m?) (mg dry weight/ (g dry weight/m? /day) 
blade/day ) 
13 3771 0.844 3.18 
14 3 422 1.285 4.40 
24 4 456 0.973 4.34 
26 2 567 1.124 2.13 
34 3 309 1.194 3.95 
35 679 1.395 0.92 
52 2 567 1.410 3.60 


Table I shows the mean productivity of Thalassia for all of 1973 (average 
of 12 months’ data). Productivities ranged from 0.92 dry weight per m? per 
day at station 26 to 4.40 g dry weight per m? per day at station 14. 

In Fig. Z the station numbers used in the Card Sound study are given. The 
mean abundance of blades per square meter in Card Sound for the 1971-- 
1974 period was 1 515, ranging from 235 blades/m? at station 603 in 1974 
to 5 469 blades/m? at station 104 in 1973 (Table II), Station 1103 had a 
mean of 1 485 blades/m? for the 4-year period which is a much higher blade 
density than any other station in southern Card Sound. Stations north of 
stations 503 and 504 averaged more than 1 500 blades/m? while stations 
south of these stations (except 1103 averaging 1 485 blades/m’) averaged 
less than 1 000 blades/m?. 

Mean growth of Thalassia blades for Card Sound from 1971 to 1974 is 
0.73 + 0.16 mg dry weight per blade per day, given in Table III. Station 1103 
had the highest mean growth per blade (1.20 mg dry weight per blade per 
day), while station 304 had the smallest (0.49 mg dry weight per blade per 
day). Most stations averaged near 0.7 mg dry weight per blade per day. ; 

In Card Sound production of Thalassia blade material for the 4 years 
varied from 0.16 g dry weight per m? per day at station 603 to 5.62 g dry 
weight per m? per day at station 104 with a mean production of 1.14 + 0.77 
(Table IV). Stations 104, 204, 304, 403 and 405 ranged from 1.14 to 3.95 g 
dry weight per m? per day; while stations farther south had lower production 
rates — from 0.30 to 0.82 g dry weight per m?” day. This does not include 
station 1103, situated in Card Bank, which averaged 1.85 g dry weight per m? 
per day. Seasonally, the standing crop varied from 1 216 + 130 blades/m? in 
January to 1 745 + 149 blades/m? in April (Table V). This was reflected in 
seasonal productivity. The growth varied seasonally from 0.59 + 0.06 mg dry 
weight per blade per day in January to 0.84 + 0.23 mg dry weight per blade 
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Fig.2. Card Sound, Florida, Stations used in seagrass study are those having A below them; 
trawl with T. 


per day in May (Table VI). There was a rather high variability of production 
from year to year in some stations. For instance, station 104 ranged from 
2.758 to 5.622 g dry weight per m?” per day (Table IV). Seasonally, produc- 
ticn was low in the winter (0.72 g dry weight per m? per day), highest in May, 
1.44 g dry weight per m? per day and generally high between May and Sep- 
tember (Table VI). The ash free dry weight was 62.49% of the dry weight 

of the blades. 

Thalassia in these two estuarine lagoons appeared to be well within its 
salinity tolerance (reviewed in Thorhaug and Hixon, 1975, 1977); Salinity 
variations (15—42°/99) were not great as compared to the tolerance range, 
and did not appear to limit distribution. Thalassia was just as dense and pro- 
ductivity as high where the largest salinity variations occurred as in highly 
stable areas of salinity toward the ocean and in areas flushed tidally. No 
drop in production or abundance occurred during the rainy season (May to 
October) when salinity extremes were encountered. 

Nutrients may well be very important in the growth of the seagrasses. 
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TABLE III 


The mean growth of blades of Thalassia testudinum in Card Sound, Florida, in milligrams 
dry weight per blade per day for various stations, from bi-weekly measurements throughout 
the year 


Station 1971 1972 1973 1974 Mean S.D. 


104 0.699 0.782 1.028 0.566 0.77 0.19 -_ 
204 0.702 0.756 0.820 0.675 0.74 0.06 
304 0.437 0.532 0.612 0.363 0.49 0.11 
403 0.662 0.676 0.634 0.517 0.62 0.07 
404 0.588 0.631 0.763 0.514 0.62 0.10 
405 0.733 0.699 0.744 0.562 0.68 0.08 
503 0.728 0.865 0.992 0.650 0.81 0.15 
504 0.643 0.608 1.034 0.525 0.70 0.23 
603 0.665 0.798 0.997 0.684 0.79 0.15 
604 0.648 0.728 0.998 0.587 0.74 0.18 
606 0.520 0.524 0.761 0.429 0.56 0.14 
703 0.581 0.684 0.709 0.767 0.69 0.08 
704 0.545 0.555 0.802 0.416 0.58 0.16 
803 0.700 0.734 0.721 0.579 0.68 0.07 
805 0.810 0.817 0.876 0.623 0.78 0.11 

1103 1.215 1.001 1.404 1.194 1.20 0.16 

Mean 0.68 0.71 0.870 0.600 0.73 

S.D. 0.17 0.13 0.200 0.190 


i 


Hammer (1968) found available carbon to limit growth in experiments to 
study effects of reduced salinity. In Biscayne Bay and Card Sound the low 
values of nitrogen suggest this element may be limiting. However, Patriquin 
(1972), McRoy (1974) and Capone and Taylor (1975) have found organisms 
which fix nitrogen in the light in association with seagrasses, perhaps indicat- 
ing a readily available source of nitrogen passed on to the seagrass. 

Thalassia productivity was highly dependent on temperature, with an 
optimum growth near 29°C falling sharply above this temperature and having 
a linear correlation below 28°C to about 24°C (Fig.3). These data are taken 
from 254 observations taken in 1971 and rounded to the nearest 0.5°C. The 
bimodal distribution of values reflects the bimodal distribution of tempera- 
tures in the Bay. In late fall and winter, temperatures have a mean monthly 
value near 24°C. In early spring, waters quickly warm to 28°C. Thus, only a 
few different absolute temperature values were encountered between April 
and December, 1971, the inclusive dates of Fig. 3. 

Most growth of Thalassia was by vegetative propagation of the apical meri- 
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TABLE IV 


The production of blade material of Thalassia testudinum in Card Sound, Florida, in grams 
dry weight per square meter per day for various stations, from bi-weekly measurements 
throughout the year 


Station 1971 1972 1973 1974 Mean S.D. 
104 3.585 3.833 5.622 2.758 3.95 1.21 
204 2.730 3.001 3.314 2.227 2.82 0.46 
304 1.026 1.154 1.248 0.750 1.04 0.22 
403 1.358 1.288 1.227 1.207 1.27 0.07 
404 0.544 0.367 1.564 0.386 0.72 0.57 
405 1.525 1.339 1.298 0.995 1.29 0.22 
503 0.312 0.392 0.443 0.206 0.34 0.10 
504 0.673 0.536 0.923 0.822 0.74 0.17 
603 0.353 0.397 6.389 0.161 0.33 0.11 
604 0.591 0.539 0.829 0.496 0.61 0.15 
606 0.555 0.470 0.739 0.431 0.55 0.14 
703 0.288 0.372 0.445° 0.519 0.41 0.10 
704 0.620 0.489 0.632 0.411 0.54 0.11 
803 0.261 0.354 0.332 0.396 0.34 0.06 
805 0.778 0.814 0.708 0.449 0.69 0.16 

1103 1.898 1.594 2.253 1.410 1.85 0.78 

Mean 1.070 1.060 1.370 0.850 1.14 


S.D. 0.950 1.020 1.370 0.730 


stem. New fascicles were produced and reached a length of 15—25 cm ina 
year. One of us (AT) has observed up to 142 fruits/m? in the Bahamas, but 
in Florida we found fruiting in less than 1% of the plants. 

The flowering process has been described in Biscayne Bay by Tomlinson 
(1969 a and b), who estimated the male to female flower ratio at 9: 1. The 
process of flowering appears to be temperature dependent in Biscayne Bay 
with flowers appearing when the temperature rises above 26°C. Flowering 
was observed in April, May and June; fruiting in July, August and September. 
Thalassia seedlings planted at Turkey Point in September, 1973, flowered 
for the first time in May, 1977. This represents the first record of age at 
flowering of Thalassia. 

Standing stock of Halodule wrightii showed a seasonal cycle with peaks in 
late summer to autumn and minima in winter (Fig.4). The standing stocks of 
the green algae, Penicillus, Halimeda, Udotea and Rhipocephalus had in 
general an autumn minimum and a summer maximum. The total production 
of these algae ranged from 2.25 to 194 g dry weight per m? per year, depend- 
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TABLE V 


The standing crop of Thalassia testudinum in Card Sound, Florida, in mean number of 
blades per square meter per month for various months. Data are means of 16 stations 
(N.D., not done) 


i rR 


Month 1971 1972 1973 1974 Mean S.D. 
January N.D. 1 339 1228 1 080 1 216 130 
February 1 216 1 493 1 332 1 353 1 349 114 
March 1 321 1 520 1 447 1 448 1 434 83 
April 1 592 1 674 1 939 1774 1745 149 
May 1 800 1 670 1 673 1 656 1 700 67 
June 1 900 1571 1 354 1 693 1 630 228 
July 1 642 1474 1 673 1 543 1583 o1 
August 1 537 1 439 1712 1 422 1 528 133 
September 1 494 1 403 1 695 1 467 1515 126 
October 1 449 1 374 1701 1 448 1 493 143 
November 1477 1 328 1 482 1151 1 360 156 
December 1 450 1 232 1 363 1 041 1 272 178 
Mean 1 534 1 460 1 550 1 423 1 497 

8.D. 196 136 211 236 

TABLE VI 


The growth of blades of Thalassia testudinum in Card Sound, Florida, in milligrams dry 
weight per blade per day for various months. Data are means of 16 stations (N.D., not done) 


Month 1971 1972 1973 1974 Mean S.D. 
January N.D. 0.554 0.661 0.566 0.59 0.06 
February N.D. 0.643 0.805 0.471 0.64 0.17 
March 0.642 0.612 0.774 0.779 0.70 0.09 
April 0.623 0.612 0.727 0.640 0.65 0.05 
May 0.851 0.870 1.106 0.549 0.84 0.23 
June 0.714 0.727 1.014 0.709 0.79 0.15 
July 0.696 0.752 1.024 0.755 0.81 0.15 
August 0.704 0.817 0.971 0.572 0.77 0.17 
September 0.745 0.962 0.789 0.716 0.80 0.11 
October 0.653 0.628 1.051 0.477 0.70 0.25 
November 0.278 0.645 0.909 0.499 0.57 0.27 
December 0.512 0.578 0.812 0.512 0.60 0.14 
Mean 0.64 0.70 0.890 0.600 0.70 


S.D. 0.15 0.13 0.140 0.120 
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TABLE VII 


The production of blade material of Thalassia testudinum in Card Sound, Florida, in grams 
dry weight per square meter per day for various months. Data are means of 16 stations 
(N.D., not done) 


ma a gt NN 


Month 1971 1972 1973 1974 Mean S.D. 


January N.D. 0.742 0.812 0.611 0.72 0.10 
February N.D. 0.960 1.072 0.637 0.89 0.23 
March 0.848 0.930 1.120 1.128 1.01 0.14 
April 0.992 1.024 1.410 1.135 1.14 0.19 
May 1.532 1.453 1.850 0.909 1.44 0.39 
June 1.357 1,142 1.373 1.200 1.27 0.11 
July 1.143 1.108 1.713 1.165 1.28 0.29 
August 1.082 1.176 1.662 0.813 1.18 0.35 
September 1.113 1.350 1,337 1.050 1.21 0.1& 
October 0.946 0.863 1.788 0.691 1.07 0.49 
November 0.411 0.857 1.347 0.517 0.78 0.42 
December 0.742 0.712 1.107 0.533 0.77 0.24 
Mean 1.020 1.030 1.380 0.870 1.06 0.25 
S$.D 0.310 0.230 0.320 0.260 
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Fig.3. Mean productivity in grams dry weight per square meter per station of Thalassia 
versus temperature in degrees centigrade monthly at closest 0.5°C intervals taken from 
254 observations in Card Sound, Florida, in 1971. 
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Fig.4. Percent cover of Halodule wrightii versus time from stations in Biscayne Bay and 
Card Sound, Florida. 


ing on species, station location and number of generations (Table VIII). The 
number of generations per year was determined from laboratory and field 
turn-over rate studies. 

The red algal complex studied had one dominant species, Laurencia poitei, 
which is far more abundant at most times than any of the others. This alga 
lives attached to blades of Thalassia, rocks, shells, stones and other animal 
substrates such as sponges or alcyonarians. It also is very prolific in its unat- 
tached state. Observations by SCUBA during various storm periods show 


TABLE VII 


Summary of mean 4 years dry weight production of calcareous green algae based on six 
generations per year 


Dry weight Percentage 


production of total 
(g/m?/year) mean production 
Penicillus capitatus Mean 26.16 53.3 
Range 0.90—132.70 
Rhipocephalus phoenix Mean 4.53 9.2 
Range 0.03—12.36 
Udotea flabellum Mean 7.95 16.2 
Range 0.78—24.66 
Halimeda incrassata* Mean 10.46 21.3 
Range 0.54—24.40 
Total production Total 49.1 


Range 2.25—194.12 


* Based on two generations per year. 
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that high currents or abrasion such as animal predation can break the thallus 
of Laurencia from its attachment, leaving it free to be moved by currents. 
These segments of the thallus tend to collect in areas of dense alcyonarian 
or Thalassia population, and then entwine into mats several meters in dia- 
meter. 

The attached stage is able to reproduce sexually; we have no observations 
thus far for sexual reproduction in the unattached form. Of the other major 
components of the red algal complex, Digenia simplex is the most prevalent. 

The results of 2 years of trawling surveys show the seasonal pattern of the 
red algal complex (Fig.5). This shows a clear peak of abundance of standing 


1970 197) 


Fig.5. Mean grams dry weight per square meter taken in trawl samples of the red algal 
complex. 


crop for the late autumn 1970, with a minimum in July and August. In late 
autumn 1971 there was an increase in standing crop, however, the increase 
was not as great as in 1970. In April 1972, the Florida Power and Light Com- 
pany canal to Card Sound was opened, and effluent from the two fossil 

fuel plants was released into Card Sound. Therefore, the data after this date 
are difficult to interpret at present or to compare with data from the pre- 
vious year. However, July values from 1972 appear low as do July—August 
values from 1971. 

The mean: monthly standing crops (Fig.6) show a low abrindance near the 
mouth of the Model Land Canal, where extremes in salinity have been noted 
from 15 to 45%. In the area south of Card Bank Laurencia is extremely sparse 
and only occasionally found. 

This area is one of high water turbidity and low tidal energy and wave 
action. The predominant current in the western half of the Sound is toward 
the north, so that unless unusual wind conditions occur the water will tend 
to carry the red algal mats toward the north, allowing little te enter into 
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Fig.6. Mean standing crop in grams dry weight per square meter for the red algal complex 
at Card Sound for the time period July 1970—July 1972. 


Card Bank. A seasonal salinity barrier occurs down the middle of the Sound, 
separating the western half from the eastern half. This further restricts the 
appearance of red algae across Card Bank. In the area in the western mid- 
Card Sound the red algal complex is relatively abundant. This is in contrast 
with the Thalassia population which is relatively sparse in mid-sound, where 
the bed rock outcrop probably limits its rhizomal growth. The low values 
(4.32 g dry weight/m7’) at the extreme north station are not indicative of the 
entire region, but rather are biased by trawling very near the shore. Diving 
observations at that station indicate a far larger population than any occur- 
ing at other stations. The fixed diving squares were further from shore than 
the trawling stations and consistently showed large Laurencia poitei mats. 
Patchiness from station to station was marked as was the amount of change 
from month to month. This was seen from both diving data and trawling. One 
generalization from the diving observation: the greatest portion of the red 
algae population is free floating, not attached. 
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Aerial photography substantiated most of these observations. Clear wind- 
rows of Laurencia could be seen under various wind conditions. These wind- 
rows were examined by air and SCUBA diving and found to be mats domi- 
nated by Laurencia of about 2 m in diameter. The red algal complex was 
less abundant in the eastern side of the sound with the exception of a proli- 
fic population around Pumpkin Key. Few specimens were collected very 
close to the shore. 

The growth of Laurencia poitei in the laboratory was vigorous throughout 
the 9-month study period. Growth rates during the winter months did not 
appear to be different from those found in the spring months except for 
February and March (Fig.7). Specimens in the outside growth tanks had a 
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Fig.7. Seasonal growth of Laurencia poitii, measured as percent change of biomass per day. 


slightly lower growth rate (4.2 mm/week or 7.8 X 10° g dry weight per tip 
per day) than those in the inside growth tanks (5.8 mm/week or 10.9 X 10°5 
g dry weight per tip per day) from April 12 to August 2. Digenia simplex 
grew more rapidly in the outside tank conditions at 6.9 mm per week per 
tip, and 4.3 mm per week per tip in the inside tank. 

The variation of growth with increasing temperature (as the outside tank 
warmed in the spring and summer) was not linearly related in either species. 
When the entire growth of each plant was measured by the proof paper 
method, one found that approximately three times more growth was recorded, 
due to a count of all branches and projections on the plant, than from tip 
growth measurements alone. Inside and outside growth tanks both showed 
this same ratio. This latter measurement of whole plants indicates a more 
realistic figure of total growth per plant. In our measurements of hundreds 
of individual plants from Laurencia complexes and attached plants, the 
average plant weighed about 4 g. Mean tip growth measurements were 1.66 
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cm (measured on 25 plants of 4 g) or 3.23 mg/day. Since the mean standing 
crop was 10.7 g/m? the productivity of Laurencia poitei would then be 0.069 
g dry weight per m? per day or 25.19 g per m? per year. 


Animals 


The dominant species of animals in Biscayne Bay and Card Sound in order 
of decreasing abundance were the caridean shrimp, Thor floridanus Kingsley; 
the checkered pheasant shell, Tricolia affinis (Adams); a hermit crab (cf. 
Pagurus bonairensis Schmitt); the lunate dove shell, Mitrella lunata (Say); the 
Chesnel’s rissoina, Rissoina chesneli (Michaud); the fly-speckled cerith, Ceri- 
thium muscarum Say; the polychaete family Neriidae; the chicken liver sponge, 
Chondrilla nucula (Schmidt); the Atlantic modulus, Modulus modulus (L.); 
the worm shell gastropod, Vermicularia spirata (Philippi); the Florida miter, 
Mitra gemmata Sowerby; the polychaete family, Syllidae; the small sea cu- 
cumber, Leptosynapta parvipatina Clark; the striate bubble shell, Bulla umbili- 
cata Roding; the caridean shrimp, Hippolyte pleuracanthus (Stimpson); the 
rusty dove shell, Columbella rusticoides (Heilprin); the brittle star, Ophiopsila 
riisei (Lutken); the mud crab, Neopanope packardii (Kingsley); the Antillean 
lima, Lima pellucida Adams; the ivory cerith, Cerithium eburneum Bruguiére 
and the brittle star, Ophiactis savignyi (Muller and Troschel). These 21 taxa 
(4% of the species found) produced 632 255 individuals or 81% of the total 
catch. The remaining 469 taxa produced 150 422 individuals or 19% of the 
catch. 

Fourteen species were analyzed for differences in relative abundance 
among stations and months and were examined for relations with environ- 
mental variables. These species included the mollusks, Bulla umbilicata, 
Cerithium eburneum, C. muscarum, Mitrella lunata, Modulus modulus, 
Prunum apicinum (Menke), Tricolia affinis and Vermicularia spirata; the 
crustaceans, Hippolyte pleuracanthus, Neopanope packardii, Pagurus bonar- 
ensis and Thor floridanus; the porifer, Chondrilla nucula, and the holothurian, 
Leptosynapta parvipatina. 

Analysis of variance (Dixon, 1973) indicated spatial differences in mean 
weight associated with the presence or absence of red algae in the catches. 
Inshore sediment wedge stations yielded highest catches when the Laurencia 
complex was abundant. When temperature anomalies or freshwater discharge 
eliminated the red algae, animal catches were generally low; however, they 
were higher in Thalassia patches than on bare bottom. Two commercial 
species, Penaeus duorarum Burkenroad (pink shrimp) and Callinectes sapidus 
Rathbun (blue crab) were abundant in such barren areas. Species richness 
of the trawl samples was generally higher in mid-bay or eastern bay stations 
in Biscayne Bay and Card Sound. 

Multiple regression analysis (BMD statistical package, Dixon, 1973) 
showed that for 13 of the 14 species chosen for analysis (nine mollusks, four 
crustaceans and one sponge) vegetation weight was the primary variable af- 
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fecting catches in Biscayne Bay. Salinity was second in importance, while 
temperature was only significant at stations where temperatures were elevated 
38°C or more above the ambient bay temperatures. 

At station 604 in Card Sound we found species richness (d,) of its trawl 
samples was low from July, 1970, until October, 1971, and then high from 
October, 1971, until June, 1978. Little relation with temperature was evident. 
It can be seen that the salinity in the first period was generally above 35%0 
and occasionally exceeded 40% . The general diversity index (H) follows a 
trend similar to salinity, but the pattern is not precisely the same (Fig.8); 
the W-shape drop from December, 1972, through April, 1973, in H is the 
result of a drop in the evenness component caused by a large influx of Trico- 
lia affinis. Fig.9 compares the diversity indices of a station (604) in Card 
Sound with a thermally stressed station (G) in Biscayne Bay. The temperature 
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Fig.8 (left). Diversity, temperature and salinity for invertebrates in Card Sound, Florida 
at station 604; 


Fig.9 (right). Various diversity indices for invertebrates in Card Sound, Florida, station 
604 versus thermally effected station G in Biscayne Bay. 
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of station G was elevated approximately 5°C above ambient from January, 
1969, until February, 1972, when the use of pumps which added cool water 
to the discharge lowered the discharge temperature. In early 19738 the effluent 
canal was closed. The richness index and the general diversity index of G 

are low compared to those of 604 and the evenness component is less stable 

at the heated station G. 

The dependence of Mitra gemmata and Thor floridanus on vegetation is 
demonstrated in Fig.10. Catches were greatest in winter when red algae were 
dominant and temperature was lowest (average 17°C). In summer, when 
temperature averaged 30°C, catches of the Laurencia complex were small, 
and Mitra and Thor were relatively sparse. These two species did not appear 
to be adversely affected by the hypersaline conditions experienced in the 
spring and summer of 1971. However, vegetation, especially Laurencia, was 
less abundant in the winter following the drought. 

The effect of vegetation is more clearly shown at station F in Biscayne 
Bay (Fig.11). ae catches of Mitrella lunata and Hippolyte pleuracantha 


follow the changes in vegetation quite closely. 
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Fig.10 (left). Salinity, temperature, vegetation (x 0.45 kg wet weight) and abundance of 
selected invertebrates in Card Sound, Florida. Catch index = log(total abundance/effort + 1). 


Fig.11 (right). Temperature, vegetation (x 0.45 kg wet weight) and abundance of selected 
invertebrates in Biscayne Bay, Florida. Catch index = log(total abundance/effort + 1). 
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DISCUSSION 


The Thalassia communities found within the estuarine lagoon system of 
Biscayne Bay and Card Sound were varied in structure and response to 
physical and chemical parameters. The associated animal population changed 
in species composition, diversity and number seasonally and annually depend- 
ing on changes in epiphytic vegetation, salinity and temperature. 

Three major communities were found within lower Biscayne Bay. These 
were the near shore Thalassia community, the mid-bay algae community, and 
insular Thalassia community. The near shore sediment wedge area had dense 
Thalassia meadows. The greatest numbers of individual animals were caught 
here, Pagurus, Neopanope, Hippolyte, Cerithium, Bulla, Prunum and Modu- 
lus were the dominant animals. 

The mid-bay region was characterized by sparse and patchy Thalassia in 
shallow quartz and carbonate sediment mixed with green algae attached to 
rock outcroppings. Dominant invertebrates were Thor floridanus, ophiurids, 
Chondrilla, and other sponges. The gastropods Vermicularia and Tricolia and 
a holothurian Leptosynapta were also common. Near the fringing islands 
with tidal flow bringing oceanic water into the estuary, we saw a relatively 
dense Thalassia community which was dominated by sponges, Lytechinus 
(sea urchin) and various corals such.as Porites and Solenastrea. Species rich- 
ness was highest in this zone. Animal communities appear to differ widely in 
various Thalassia communities. 

Even with the relatively small area of Card Sound and Biscayne Bay, 
animals of Thalassia communities were found to differ from near shore to 
mid-bay. Humm et al. (1971, 1972) found that animal communities from a 
Thalassia dominated estuary on the middle west coast of Florida had animal 
populations markedly different from those found in Biscayne Bay. They 
found that many of the 50 species of fishes and 260 invertebrates found by 
them were detritus or filter feeders but that the species varied in their feeding 
habits and zonation. These also differ from animal communities found in 
Thalassia in Everglades National Park by Tabb and Manning (1961). Recent- 
ly it has been shown that two Jamaican Thalassia communities within 
several kilometers of one another had very different faunal assemblages 
(Greenway, 1974). Observations within a single Puerto Rican estuary demon- 
strated a change in dominant animals as one progressed from the river mouth 
to the outer back reef area (A. Thorhaug, unpublished data). 


Thus, comparison of Thalassia dominated near-shore ecosystems from sub- 
trovical to tronical shows that the faunal assemblages associated with the 
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seagrasses are clearly not the same, neither in adjacent areas nor in distinct 
geographical areas. 

One of our hypotheses for the large differences found in faunal communi- 
ties associated with the Thalassia populations is that the associated plant 
communities in various Thalassia-dominated areas may differ in species com- 
position, standing crop of major species, and/or productivity. For example, 
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we found high correlation between catch of animals and presence of red 
macroepiphytic algae; the biomass of red algae varies greatly spatially. 

In west central Florida, Humm et al. (1971, 1972) found that substantial 
red epiphytic growth on Thalassia occurring in winter and early spring ap- 
parently contributed largely to the formation of detritus. In southern Florida 
we found abundant autumn crops of the red algae Laurencia poitei. In Bis- 
cayne Bay this red algae can produce material up to 0.5—1 g dry weight per 
m? per day. M. Greenway (unpublished data) reports few red macroalgae 
from Jamaican Thalassia beds. The period of maximum red algae production 
contrasts to seasonal fluctuations in Thalassia production which has peaks 
in the late spring and winter minima in all three above locations. 

The diversity and abundance of consumers vary seasonally with various 
animals dominating throughout the year in Biscayne Bay. The changes are 
related to salinity, temperature and availability of food. Clupeid fishes 
(Harengula) migrate into Biscayne Bay in winter followed by mackerel and 
blue fish. Increasing salinity in the spring dry season drives pink shrimp 
juveniles from the estuary, while low salinity in the summer apparently at- 
tracts postlarvae (Hughes, 1969). Spring spawning peaks of invertebrates and 
fishes are related to warming water, increased light, and available food, which 
cause seasonal pulses. More stable salinity in the autumn encourages spawn- 
ing of other species such as sciaenid fishes (red drum). 

Differences in behavior and physiological reactions to salinity and temper- 
ature can induce shifts in population abundance and dominance in areas with 
pronounced hot, wet, cold and dry seasons. We have found in Card Sound 
that the relative abundance of many animals was highly correlated with 
abundance of vegetation and salinity. Modulus, Thor, Neopanope and Pagu- 
rus and Hippolyte, were strongly related to vegetation abundance and tem- 
peratures. 

In the subtropics, several sources of primary production are generally 
present. Phytoplankton, microalgae, and macrophytes are grazed directly, 
and together with seagrasses and mangroves add to the detritus pool. The 
degradation process of macrophytes has been discussed by Fenchel (1970). 
The detritivores include the pink shrimp Penaeus duorarum, Thor floridanus, 
the molluscs Anachs, Tricolia, Bulla, Cerithium and Prunum, brittlestars 
and hermit crabs (Pagurus). Grazers include mullet (Mugil), parrot fish 
(Scarus) and sea urchins (Lytechinus). Filter feeders on phytoplankton and 
floating detritus include oysters, scallops, sponges and corals. 

Among the secondary consumers are numerous fishes including atherinids 
(silversides), clupeids (herrings), syngnathids (pipefishes) and killifishes which 
are zooplankton feeders. Fishes such as garrids (mojarras) and sciaenids (sea 
trout and drum) and invertebrates such as turrids, neriid polychaetes, panu- 
larids (lobsters), octopods, xanthids (mud crabs) and portunids (blue crabs) 
feed on benthic animals. 

Top carnivores include fishes, such as lutjanids (snapper), sarranids 
(grouper), Sphyraena (barracuda) and sharks, as well as the birds, including 
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cormorants, herons, ibis, terns and gulls, and mammals, including porpoise, 
raccoon and man. 

As yet, little has been done to quantify feeding relationships in the sub- 
tropics. The Thalassia growth in Biscayne Bay produces a mean of 1 410 g 
dry weight per m? per year or 6 X 10'' g dry weight/year total for the bay. 
Mangrove leaf litter contributes about 20% of this biomass or 300 g dry 
weight per m? per year (Teas, 1976). Plankton produces only 34—39 g dry 
weight per m? per year* (Bunt et al., 1971). Red and green benthic algae pro- 
duce 19.5 and 30 g dry weight per m? per year respectively. When this plant 
production is summed on an areal basis, it amounts to more than 8 X 10!! g 
dry weight plant material produced per year in Biscayne Bay (excluding 
microepiphytes). Similar bay wide figures are not available for animals. In 
one day in three different locations in Biscayne Bay with all sampling in 
equivalent Thalassia beds, Brook (1975) found animal numbers (sampled by 
replicate 0.25-m? samples via suction dredge) to be 10 728 animals/m? near 
Bear Cut, 4 316 animals/m? 4 km south of Bear Cut and 13 km south of 
Bear Cut 290 animals/m?. Therefore, until further studies are finished, 
Brook’s estimate of animal biomass of 3.35 g dry weight/m?** and the 
seasonal variations given herein indicate foodweb relations. 

One might expect the increase in species numbers in the subtropics to 
produce greater niche specificity of the species; this does occur in some 
species. Most species are, however, opportunistic feeders whose diets change 
with season and habitat and availability of prey. Many species pass through 
several trophic levels during the development from larvae to adults. Some 
will change modes of feeding depending on physical conditions such as cur- 
rent (Magnus, 1967). Thus, before the dynamics of the consumers of sub- 
tropical estuarine seagrass ecosystems can be understood, detailed quantita- 
tive feeding studies are needed to master the flux of matter through the 
food web. 
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